Studies have shown that visual skills can be subjected to exertion during exercise, thus implying that entrainment of vision is possible through interaction with the environment. It has been established that by simply participating in physical activity, one naturally improves visual awareness as well as visual processing skills and visual-motor integration. The purpose of the present study was to examine the changes in various visual skills during a 20-week military basic training programme. The training included cardio-respiratory endurance, fitness, muscular strength (upper body and abdominal), muscular endurance, speed, power, agility and flexibility. The participants (n=234) consisted of both male and female recruits who were enrolled for basic training at the South African National Defence Force (SANDF). Only those recruits who complied with the inclusion criteria and were willing to give informed consent participated in the study. The data collection occurred before the onset of the basic training programme and again after 12 and 20 weeks of intensive training. This schedule was proposed in order to ensure the specific requirements demanded by the various tests, and to observe the rate at which the visual skills and physiological parameters changed. The improvement of various visual skills observed in this research provides evidence that physical exercise, along with an enhanced state of physical fitness, does have a positive effect on visual proficiency. These findings could be elucidated by an alteration in the neuronal architecture, which subsequently leads to faster decision making, as well as a quicker and more efficient motor response.
affordances, selection of affordances and the realization of affordances [9, 10] .
Stress also induces increased sympathetic nervous system (SNS) activity which narrows vision by reducing the percentage of visual stimuli processed. Binocular vision is also favoured over monocular vision in stressful situations. Binocular vision can inhibit the accuracy in distance shooting, vision and depth of perception [6, 11] . Furthermore, stress can cause attention lapses, short-term memory impairments and biased information processing that can contribute to errors in judgement [6] . Therefore, mental readiness, mental rehearsals and visual motor behaviour rehearsals are vital in training of military recruits since they help reduce acute stress and improve performance in critical events [12, 6] .
Introduction
Vision is a complex process which involves three basic steps: perception, integration, and response. During integration within the central nervous system (CNS), visual information is combined with various other stimuli occurring simultaneously [1] . The information is analysed and interpreted according to previous experiences stored in memory. A response is then formulated and the appropriate stimulus is conducted along motor neurons in order to guide the motor system of the body to respond correctly to the visual stimuli [1] . The ability to interpret and rapidly integrate crucial information and formulate appropriate responses is a fundamental skill necessary for efficiency and performance [2, 3] particularly amongst the workforce of the defence sector. [4] Military personnel are expected to perform occupational tasks which require optimal physical and mental readiness [4] . Activities that are likely to be performed in these sectors include self-defence skills that incorporate various physical activities, as well as firearm training and weapon use [5, 6] . These situations require the use of psychophysical and motor efforts during problem solving [7] . The proficiency of skill execution in such situations is determined by the level of fitness and tolerance towards physical demands and stressful situations [7] .
Members of the military are expected to function under stressful situations. Anxiety, resulting from the pressure, has been found to reduce certain visual abilities, namely, the foveal fixation in the eye becomes shorter because the attempts to extract information via the fovea increases, resulting in a decrease in efficiency [8] . However, training under increased conditions of anxiety has a positive effect on the perceptual-motor performance by forcing alterations in the perception of action capability, information detection, perception of established that by simply participating in physical activity, one naturally improves his or her visual awareness as well as visual processing skills and visual-motor integration, thus implying that through sports vision training one can considerably improve performance and skill [15] [16] [17] [18] . From a neurological stance, studies have shown that participating in physical activity altered neural activities through visual pathways [19] .
Sports vision consists of an integrated network of systems including the visual system, central and somatic nervous systems and the muscoskeletal system. Sports vision has been described as performance oriented, comprehensive vision care programmes focused on the correction, protection, education, enhancement, and evaluation of the individual [3] . Thus, the aim of sport vision is to exercise visual co-ordination, as well as to obtain knowledge of the necessary motor responses. Co-ordination occurs when complicated actions are composed by the motor system by the combination of a variety of more simple sub-movements. The information regarding the progress of one sub-movement is shared with the centres controlling the other submovements. This process ensures that the second movement occurs in appropriate relation to the first [2] .
Studies revealing that athletes have better visual skills than the general public has increased interest in the role of sports vision in performance [3] . Visual skills such as vergence, visual reaction time, near point of convergence, and saccadic eye-movements have been found to be significantly better in athletes [20] . Since the autonomic nervous system innervates the accommodative system, a more stable, efficient and flexible accommodative system can be expected in athletes [20] . Studies further indicate that the advantage the athlete retains is one of perception [21] . In other words, the athlete is able to attend to specific information, analyse, interpret and use this information more effectively than a non-athlete [21, 22] . This confirms results of previous studies which show that perception and action are functionally interdependent [23] . It is important to note that the enhanced visual skills of athletes appeared to be sport-specific [22] . The role of the visual system in a particular sport also varies according to the environmental demands commonly associated with that sport. Likewise, these environmental demands must be matched by a specific motor response [2] .
Although much research has been done regarding athletes and improved visual skills the literature lacks reference to visual proficiency amongst non-athletic recruits undergoing an intense training program. In light of this, the present study aims to examine the changes in various visual skills during a 20-week military basic military training (BMT) programme.
Throughout their initial months of military conscription, the recruits are exposed to new knowledge and skills in a very well structured and controlled manner to ensure that the training objectives are met. The purpose of BMT is to equip future soldiers with the required physical work capacity, mental readiness, critical military skills and competencies in order to effectively deal with the possible crisis situations that may arise during their military career. The final outcome of the programme is the transition from amateur recruit to professional soldier, ready for subsequent specialised corps training [24] .
Despite technological and mechanical advancement, military tasks still entail a considerable amount of demanding physical effort [25] . This implies that optimal physical fitness and endurance remain important necessities among present day military personnel. As a result, intense physical training forms a fundamental part of the basic training programme.
Aim
The aim of this study was to determine the effect of a 20-week BMT programme on the visual skills of male and female recruits between the ages of 18 and 22.
Methods and Materials

Study design
A pre-test, post-test groups experimental design was used to determine the effect of an intense training programme on various visual skills.
Participants
The sample (n=234) included in the study comprised of 135 male and 99 female participants between the age of 18 and 22 years. These participants were enrolled for BMT. Only those who were willing to complete the informed consent form were used for the study. Those who had a visual disorder or failed to comply with the test procedures were excluded from the study.
All participants were screened and organized to ensure compliance with this criteria. The screening process included: a thorough explanation of the purpose of the study, as well as the procedures and risks; the provision and discussion of pre-test instructions; and the opportunity for subjects to ask any questions. An informed consent form was issued to those who met the inclusion criteria.
Apparatus and procedures
All the tests were conducted under the same terms and conditions. The sports vision evaluation consisted of eight tests of basic visual skills.
The visual skills that were tested were: focusing, tracking, vergence, sequencing, hand-eye co-ordination, visualisation, reflex test and colour vision. Visual skills were tested by using the methods of Wilson & Falkel [26] .
Basic Military Training
A 20-week BMT programme was followed. The training focused on instilling basic soldier skills such as field craft, musketry, drilling, buddy aid, daily preparations for inspections, as well as combat water safety. This phase of the training program serves as an important building block in fostering common military customs and underpinning military discipline [24] . Formal fitness training comprised daily compulsory physical training sessions during which acyclic-progressive physical training programme was followed [27] . The training included cardiorespiratory endurance, fitness, muscular strength (upper body and abdominal), muscular endurance, speed, power, agility and flexibility. The training intensity of the fitness sessions exceeded 6 metabolic equivalents (METs), with fitness standards being raised incrementally [28] .Training consisted of 48 physical training sessions of forty minutes each. Table 1 summarizes the time allocated for each physical training component.
Data analysis
All data that was collected after weeks 1,12 and 20 was captured and statistical analysis were done by means of the statistical package IBM SPSS Statistics 19.
The results from week 1 were compared to weeks 12 as well as 20, and the results from week 12 were compared to week 20 for all eight sport vision tests. A repeated measure MANOVA (Multivariate 
Results& Discussion
Descriptive statistics concerning physical characteristics of the participants are indicated in Table 2 . Results regarding visual skills show improvement in all visual skills over the 20 week training period, except sequencing and vergence (Table 3 , 4, 5& Figure 1 ). Mean sequencing scores decreased for both males (Table 4 ) and females (Table 3) , resulting in a total sample decrease from 1.57 to 1.5 (Table  5 ). This may indicate that exercise does not influence how individuals interpret, organize and process visual sequences; and therefore does not promote improved sequential processing. It can also be noted that the mean vergence scores for both males (Table 4 ) and females (Table 3) increased from week 1 to week 20, giving rise to a total sample mean vergence increase from 3.87 cm to 4.43 cm (p = 0.009) ( Table 5 ). The increased mean vergence score suggests a decrease in performance as the distance (cm) required to maintain binocular vision is reduced. These results imply that an intense training programme may not suffice to convey improved vergence results.
Results yielded in this study suggests that a BMT programme, focussing on intense physical training, enhances hand-eye co-ordination, visual response speed, accuracy, anticipation, visual concentration and short term visual memory. These results are in concordance with previous research suggesting that physical exercise, especially exercise of a moderate intensity, results in enhanced mental performance [29] . These results are further verified as studies conducted between experts and novices demonstrate an improvement in eye-hand coordination, reaction time and visuo spatial intelligence, indicating that exercise or an intervention (physical activity) does significantly affect these specific attributes [30, 31] . Exercise has also been shown to have a substantial influence in visual concentration, hand-eye coordination, proactionreaction time, as well as visual response speed and accuracy [17, 32, 33] .
In a review by Hazel [34] , it is suggested that exercise enhances one's visual efficiency and in so doing, the brain's reaction to a stimulus is increased and a quicker response can be made. This is further confirmed in a study comparing physical activity and visual attention, where it was shown that even sub-maximal exercise enhances visual acuity and visual attention [35] . In their study Cereatti et al. [35] contended that expert athletes tended to boast superior visual skills due to experience and that they "show highest flexibility in the allocation of visual attention". It is also said that with training, the eyes are able to better locate, focus centrally and functionally as a unit, which could supposedly result in reduced eye fatigue and improved consistency in performance [34] . The same explanation can be applied with regards to recruits as they are in the process of acquiring a wealth of experience in physical demands due to their field of expertise.
Furthermore, the results also suggest that hand-eye co-ordination is sensitive to the short term effects of exercise, which are mediated by several factors [32] . Such factors include physical fitness, the intensity and duration of the exercises, the various co-ordination tests selected by the researcher, as well as the time at which the tests were conducted.
While improving eye-muscle strength is difficult, physical exercise may enhance agility and flexibility. Since the eyes feed information to the brain, accurate information is required for optimum performance. In addition to this, factors such as the eyes' ability to focus clearly, to quickly and efficiently change focus, and to rapidly process visual information, may also be affected. Therefore, sports vision exercises can be used to improve the ability of the eye to effectively interpret and analyse visual information. [22, 36] However, contrasting evidence exists suggesting that regimens such as exercise do not provoke significant changes in visual and motor performance and while there may be an improvement in the battery, it does not transfer to an improvement in sporting performance [21, 22] . This can be seen in a study conducted on clay target shooters, where visual differences between expert shooters and novices were negligible and the only significant attribute was reaction time [15, 21] although producing results implicating the benefits of vision testing and training in their study, argue that there could be other factors contributing to the improvement, such as the placebo effect or an "illusory function of expectancy effects".
PT programme component
Resistance . † From week 1 completed three sets of 10-12 repetitions of exercises performed by muscle groups in this body region and from weeks 1-2 completed two sets of 10-12 repetitions, progressing to three sets of 10-12 repetitions in weeks 3-4 of exercises performed by muscle groups in this body region. † † From weeks 5 to 12 completed all exercises with 20 kg wooden poles in pairs performed by muscle groups in this body region, starting with two sets of 10-12 repetitions and progressing to three sets of 10-15 repetitions. Week 1
Week 12
Week 20 (p = 0.098*) (p < 0.001) (p < 0.001) *p-values > 0.05 but < 0.10 constitute moderate evidence of an intervention effect. There are also several other factors that influence visual abilities that make testing for the influence of physical exercise quite daunting, namely age, gender, genetic variability and cognitive expertise [35] . Cereatti et al [35] found that these non-modifiable factors affect the relationship between attention and exercise. This is further complicated by the modifiable factors which affect performance such as "strength, technique, fitness, attitude and state of mind" [34] .
It is important for military personnel to learn fine motor skills and visualisation so as to allow them to plan their individual performance through mental rehearsal. Recruits will therefore be able to clarify tasks, identify potential performance problems, choose effective tactics, improve gross motor skills to influence grip strength, learn stimuluscoordinated responses so as to learn to respond automatically to and survive deadly force encounters [12, 26, 37] . For better performance, the orientation of visual attention and the motor components of a task should be tightly coupled [8] .
Conclusion
Despite the fact that BMT aims to prepare conscripts both mentally and physically for the future tasks expected by them, the importance of simultaneous advancement of visual skills should not be overlooked. Whilst the program further intends to equip future soldiers with the necessary skills and combat-readiness to ensure optimal survivability, the superior visual skills gained during the training period can minister to accomplish this objective.
The improvement of various visual skills observed in this research provides evidence that physical exercise, along with an enhanced state of physical fitness, does have a positive effect on visual proficiency. These findings could be elucidated by an alteration in the neuronal architecture, which subsequently leads to faster decision making, as well as a quicker and more efficient motor response [26] . Determining the extent to which visual attributes can be entrained will benefit the recruit by providing an indication of which of these attributes can be improved. This should result in optimal performance in that particular field.
